This thesis is devoted to the analysis of complex survival data subject to semi-competing risks. The first part is to analyse clustered endpoints with semi-competing risks via a flexible semiparametric modelling framework. We develop a nonparametric maximum likelihood estimation procedure via a Monte Carlo EM algorithm, and establish desirable asymptotic properties of the resulting estimators. In the second part, we study multiple time-to-event endpoints subject to two sets of semi-competing risks. We propose a novel statistical approach that jointly models such data via a pair of copulas to account for multiple dependence structures, and develop a pseudo-likelihood estimation procedure. In the third part, we propose a model-free joint correlation ranking screening method to select the important features for semi-competing risks data, which are often collected with ultrahigh-dimensional gene features in modern cancer studies. Extensive simulation studies have been carried out and results show promising finite sample performance of all proposed methods. Analysis of real data sets from various medical studies demonstrate the practical utility of our proposed methods.
